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INTRODUCTION 
Fifty years have elapsed since Shu.ll (1909) described 
in some detail the development and utilization of inbred 
lines of corn. Since that time a great deal of effort has 
been expended in attempting to determine the genetic basis 
for the depression and restoration of vigor that invariably 
accompanies inbreeding and crossing of corn populations. 
However, workers in this field are not yet in agreement as 
to the Mendelian explanation for these phenomena. 
A better understanding of the gene action involved 
would help the plant breeder to establish more efficient 
breeding methods than the empirical techniques which have 
been used in the past. Furthermore, a more complete know­
ledge of the genetics of corn may possibly add to the un­
derstanding of genetics as a whole. 
Diallel crosses have been used to study the genetic 
variation which exists within a group of inbred lines when 
they are crossed in all possible combinations. However, 
due to the large number of crosses that can be made from 
a group of lines, a relatively small sample from a partic­
ular population can be studied. An incomplete diallel se­
ries, a system in which each line is crossed with only a 
portion of the remaining lines in the set, was used in this 
thesis. The method allows for a larger number of lines to 
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be studied than is possible with the use of a complete 
diallel series. 
This study was designed to provide information with 
regard to the genetic make-up of the open-pollinated varie­
ty Krug. The inbred lines used were developed from Krug 
in such a manner that there was no intentional selection 
during the inbreeding process and were considered to be a 
representative sample of the genotypic structure of the 
variety. Estimates of general and specific combining abil­
ity were obtained, and these estimates were related to the 
importance of additive and non-additive gene action oper­
ating within this group of crosses and the variety which 
they represent. 
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REVIEW OP LITERATURE 
Heterosis 
The term, heterosis, was first proposed "by Shu.ll (1914) 
to describe the phenomenon, of increased vigor which often 
follows hybridization. Shull recognized the fact that there 
was no strong evidence to indicate the mechanism which would 
bring about this occurrence; however, he had suggested 
(1911) that this increased vigor might be a result of heter­
ozygosity per se and "that the degree of vigor is correlated 
with the number of characters in respect to which the hy­
brids are heterozygous". These conclusions apparently were 
in agreement with East (1909). East and Hayes (1912) indi­
cated concurrence with this hypothesis, which is known as 
the physiological stimulation hypothesis, as an explanation 
of heterosis. 
Davenport (1908) first pointed out that dominant genes 
are more often beneficial and recessive genes detrimental 
to an organism. Bruce (1910) suggested that it was the dom­
inant elements rather than the heterozygous elements which 
were responsible for the degree of vigor. Emerson and East 
(1913) objected to this hypothesis on the grounds of observ­
ed symmetrical Pg distributions failing to agree with ex­
pected asymmetrical distributions of the dominance hypoth­
esis. 
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Keeble and Pellew (1910) were able to show.that when 
a variety of peas with long internodes was crossed with 
another variety with a larger number of internodes the 
hybrid progeny were taller than either parent. They, along 
with Bruce, are given credit for fathering the dominance 
hypothesis of hybrid vigor which states that the increase 
in vigor is due to a combination of different dominant 
alleles transmitted from each parent. 
It was pointed out by Jones (1917) that if a favorable 
dominant gene were closely linked to a detrimental reces­
sive gene that this linkage would prevent homozygous indi­
viduals from being equal to heterozygotes. This would make 
impossible F g plants as vigorous as their F^  parents if a 
large number of factors are involved. That a symmetrical 
distribution would occur, with or without linkage, if twenty 
or more factor pairs were involved was pointed out by 
Collins (1921). 
An explanation based on divergent alleles was added by 
East (1936). If one were to assume that there were at each 
locus a series of alleles each of which was responsible for 
a certain function, the heterozygous condition would neces­
sarily be superior to each homozygote. 
Crow (194-8) stated that the consequences of the domi­
nance hypothesis and the physiological stimulation hypoth­
esis were very similar and would be indistinguishable in 
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practice. 
The term, superdominance, is due to Fisher (1930) and 
the more popular term, overdominance, was presented by Hull 
(1945) to describe the genetic situation in which the heter-
0zygote is superior to either homozygote. 
Studies by Robinson et al. (194-9) (1955) have produced 
estimates of the ratio of dominance variance to additive 
variance for yield in open pollinated varieties of corn. 
This ratio, which was shown to be in the neighborhood of 
0.6, would indicate that overdominant loci would not likely 
be an important feature in the genetic variation for yield. 
However, there could be mixtures of partial and overdomi­
nant loci acting. It was pointed out that epistasis, link­
age, and genotype-environmental interaction would be sources 
of bias of these estimates, but any bias would probably be 
toward a higher value of (fh?/ (f^ . 
Estimates of the importance of epistasis have been pre­
sented by several workers. Smith (1952) concluded that 
epistasis was apparently not an important source of varia­
tion in plant height, node number, and leaf length in four 
varieties of Nicotiana rustica. Epistasis was shown to be 
present in studies of F^ , F^ , and first, second, and double 
backcross generations of corn reported by Sentz et al. 
(1954). Jinks (1954) using a method presented by Hayman 
(1954a, 1954b) found that epistasis was responsible for all 
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apparent overdominance and heterosis in height and leaf 
length in Nicotiana rustioa, and the most outstanding fami­
lies occurred where epistasis was superimposed on other 
factors to give high combining ability. Further studies by 
Jinks (1955) pointed out that the mean yield of families 
showing epistasis was higher than for F^  families showing 
no epistasis. Also relationships, which would tend to re­
duce yield, tended to show reduced estimates of epistasis. 
Anderson (1953) and Anderson and Kempthorne (1954) develop­
ed a model which showed, when applied to data, that epi-
static contributions may be an important cause of inbreed­
ing depression. Gamble (1957) studied single crosses, Fg's 
and backcrosses in corn. He reported that non-epistatic 
effects were relatively more important than epistatic ef­
fects for the characters studied, but there was a relation­
ship between epistasis and heterosis. A high estimate of 
epistasis was usually expressed with high yield. 
Evaluation of Inbred Lines 
It becomes readily apparent in a corn breeding program 
that evaluation of inbred lines is much more of a problem 
than isolation of those lines. Efficiency in isolating 
lines with high combining ability and desirable agronomic 
characteristics is of primary importance to the breeder. 
Kiesselbach (1922) produced experimental evidence to 
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show that when low yielding lines were crossed the result­
ing hybrid combination tended to yield less than when the 
parent lines were relatively higher in yield. It was sug­
gested by Jorgenson and Brewbaker (1927) that selection of 
the most vigorous selfed lines would be the proper proce­
dure for practical corn breeding. Richey (1924) noted that 
certain inbred lines which yielded well as lines also 
yielded well in hybrid combinations; however, the following 
year Richey and Mayer (1925) reported data which suggested 
that there was little or no relationship between produc­
tiveness of a line and its productiveness in crosses. 
Evidence was presented by Lindstrom (1931) to indicate 
that certain lines in crosses with a standard open-polli­
nated variety were very prepotent for ear type, disease 
resistance, lodging resistance, and uniformity of maturity. 
He apparently did not envision the inbred-variety cross as 
a method of testing new lines, but rather as a method 
whereby the seedsman would be able to make use of such 
crosses for commercial production. 
The first suggestion for using the inbred-variety cross 
as a means of isolating high yielding lines was made by 
Davis (1927), but this method evidently received very little 
attention until it was proposed by Jenkins and Brunson 
(1932). They suggested that crosses of inbred lines with a 
commercial variety could be used as a rapid method for 
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preliminary testing of new lines; and on the basis of per­
formance in these crosses, fifty percent of the lines could 
be discarded without serious danger of losing valuable mate­
rial. The other fifty percent would be given further 
testing. Johnson and Hayes (1936) presented data which com­
pared the performance of eleven sweet com lines in all pos­
sible combinations as single crosses with their performance 
in top-cross tests. Lines that exhibited low combining 
ability based on top-cross tests were usually low in mean 
single cross performance. The same was true of high combin­
ing lines. Their tests also showed the need for many repli­
cations preferably at several locations to determine accu­
rately in a single year the combining ability of inbred 
lines. 
Although Jenkins (1935) had noted earlier that lines 
acquired individuality very early in the inbreeding process 
and that subsequent selection had very little effect on 
yield, he did not suggest the importance of testing in the 
early stages of inbreeding until 1940 (1940). Later this 
was also suggested by Sprague (1946). 
Studies pertinent to other problems of testers were 
initiated by Pederer and Sprague (1947). They analyzed a 
series of eleven top-cross tests containing two or more 
testers and suggested that for a fixed number of plots the 
greatest gain in combining ability would be expected by an 
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increase in the number of testers at the expense of the num­
ber of lines and replications with replications being the 
least important. They indicated that the choice of a tester 
for a given set of lines would be determined by the future 
use of such lines. If one were selecting for a replacement 
of a line in a particular double cross, the opposing single 
cross parent would be the ideal parent. If maximum general 
combining ability were desired, as would be the more likely 
case, the use of more than one tester would be preferable. 
Other studies on this problem have been presented by Green 
(1948) and Matzinger (1953). 
Studies to provide information on variety x location 
and variety x year interactions were undertaken by Sprague 
and Federer (1951)• Results from yield comparisons involv­
ing top-crosses, single crosses, and double crosses were 
summarized. Single crosses showed greater interaction with 
environment than did double crosses, and hybrid x year 
interactions were larger than those for hybrid x location. 
General and Specific Combining Ability 
Combining ability was divided into two types by Sprague 
and latum (1942). General combining ability was defined as 
the average performance of a line in hybrid combinations, 
and the term, specific combining ability, was used to de­
scribe the extent to which a cross deviated from expectation 
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on the basis of general combining ability. General combin­
ing ability values are considered to be due to additive gene 
action, whereas specific effects are a result of such non-
additive gene responses as dominance, epistasis, and other 
types of gene interaction. General combining ability vari­
ance refers to the variability inherent within a group of 
lines with regard to their individual general combining 
ability values. The same is true for specific combining 
ability variance. 
Data presented by Sprague and latum (1942) indicated 
that general combining ability was more important than spe­
cific combining ability in single crosses made up of previ­
ously untested material. However, in tests that involved 
lines that had survived previous testing specific effects 
appeared to be relatively more important. 
Models for obtaining estimates of variance components 
for general and specific combining ability and their inter­
actions with years were presented by Rojas (1951). Bojas 
and Sprague (1952) analysed single cross tests which had 
been repeated over locations and years and secured estimates 
p p 
of the variances for specific ) and general (a ë ) com­
bining ability. Variance components for specific combining 
ability showed consistently greater interaction with envi­
ronment than did those variance components for general com­
bining ability indicating the presence of genotype-environ-
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n 
mental interaction in the estimates of (Ta . Data presented 
by Matzinger (1956) showed additive variance to be negligi­
ble when estimated from a combined analysis of experiments 
run over locations and years. Additive variance interacted 
significantly with years but not with locations, whereas 
dominance variance showed little interaction with either 
years or locations. Gamble (1957) suggested that the 
greater bulk of genotype-enrivonmental interaction is due 
to interaction between epistasis and environment. 
Theoretical estimates of general and specific combining 
ability in terms of additive, dominance, and two factor epi­
static variances have been presented by Matzinger and 
Kempthome (1956) and Griffing (1956) and have shown that 
general combining ability contains in addition to additive 
genetic variance a portion of the additive x additive epi­
static variance and minor portions of some other epistatic 
variance components. General combining ability variance 
and specific combining ability variance have been shown by 
Cockerham (1954) to be as follows: 
? 2 2 
<fg = # <7A + # (TAA 
2 2 (fa = (Td + (residual of interaction components). 
2 
where 0 A = additive genetic variance 
2 (Td = dominance genetic variance 
<fAA = additive x additive epistatic variance. 
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MATERIALS AND METHODS 
The inbred lines used in this study were developed by 
Dr. William L. Brown of the Pioneer Hi-Bred Corn Company, 
Johnston, Iowa in the following manner. 
Approximately 50 ears were chosen from the variety Krug 
and shelled in bulk. It was decided that a population size 
of 800 plants would be maintained, and an adequate sized 
sample of the bulked seed was planted to attain this popula­
tion. 
All possible self pollinations were performed. A de­
termined effort was made to make no selection in this proc­
ess; however, natural selection was effective in preventing 
a certain percentage of the attempted self pollinations from 
being completed. Therefore, less than 800 ears were har­
vested in any given year. 
One kernel was selected from each ear for planting the 
following year, but in order to maintain a constant popula­
tion size of 800 plants two kernels were taken from some 
ears. This procedure was carried on through the genera­
tion at which time the lines were considered homozygous and 
were pedigreed. 
From this group of lines those used in this investiga­
tion were chosen at random with the restrictions that those 
selected were (1) lines which were somewhat better than 
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average in stalk strength and (2) lines for which there was 
an adequate supply of seed to make the required crosses. 
The purpose of this study was, in part, to determine 
the relative importance of general and specific combining 
ability in crosses among randomly selected inbred lines. 
Since general combining ability is considered to be largely 
a measure of additive effects and specific combining abil­
ity is an indication of non-additive effects, it should be 
possible to extend these values to include estimates of the 
relative importance of additive and non-additive gene ac­
tion involved in the crosses. Furthermore, since the lines 
were a random sample of the possible genotypes in the orig­
inal population, such values should be valid estimates of 
the relative importance of additive and non-additive gene 
action in that population. 
It was decided that 29 lines would be included in the 
investigation. Each line was crossed with eight other 
lines in a system described as an incomplete diallel series 
in such a way that there was a total of 116 single crosses. 
These crosses were made according to the stipulations of 
the design and will be described in detail a little later 
on in this paper. 
Each of the 29 lines was also crossed with four widely 
used inbred lines for a second measure of general combining 
ability. These four tester lines were WF9, Hy2, and M14, 
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which are experiment station released lines, and PW6, a 
Pioneer Hi-Bred Com Company developed line. All four of 
these lines would be classified as high in general combining 
ability. In this thesis for purposes of terminology the 
relative performance of the lines when crossed with four 
tester lines is considered to be a top-cross test. 
In 1957 yield trials involving the 232 single cross 
hybrids were conducted at Johnston, Iowa and at Bradshaw, 
Nebraska. The Nebraska test was conducted under irrigated 
field conditions. The design used was a 15 x 16 quadruple 
rectangular lattice with four replications per location. 
Eight dummy entries were required to fill out the design. 
The Johnston, Iowa test was planted with four kernels 
per hill in 2 x 5 hill plots. Each hill was thinned to an 
average of three plants. In the Bradshaw, Nebraska test the 
plots were two rows wide and nine hills long with hills 20 
inches apart within the row. Three kernels were planted per 
hill, and the stand was thinned to forty plants per plot. 
Growing conditions at both locations in the early 
spring were adverse. Weather was cold and wet for a period 
of about two weeks following planting, and as a result 
stands were somewhat variable. 
In analysing the results a missing plot technique was 
used to estimate yields of individual plots found to have 
stand counts which were 30$ above or below the mean of the 
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teat. Exceptions to this were made for entries with aver­
age stand deviations beyond 30% of the mean. In such cases 
the plots were not discarded; since it was assumed that 
these stands represented the natural viability of those 
crosses under the conditions of the experiment. 
An average correction factor was used to adjust the 
yields upwards of plots which had missing hills. Yields 
were calculated on the basis of a uniform ear moisture of 
15#. 
Analyses of variance were calculated on the results of 
each location separately and on the two combined locations. 
Attributes analysed were yield in bushels per acre and the 
total number of plants per plot. The estimates of general 
combining ability were obtained for each of the 29 lines 
tested, and from these estimates the portion of the total 
variance due to varieties which could be attributed to gen­
eral combining ability was calculated. The variance for 
specific combining ability was obtained by subtraction. 
The statistical procedures involved will be described in 
detail in the next section of this paper. 
The mean performance of the lines in combination with 
four tester lines was obtained, and a correlation coeffi­
cient was calculated to determine the association between 
top-cross performance and the estimates of general combining 
ability obtained from the incomplete diallel series. 
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The analysis of variance on that portion of the experi­
ment in which the 29 inbred lines were crossed with four 
tester lines was calculated in order to obtain information 
on the relative importance of the line effect as compared 
with the line x tester interaction. 
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DESIGN AND ANALYSIS OF THE EXPERIMENT 
Estimates of general and specific combining ability are 
generally obtained from an analysis of a diallel table. 
Analysis of variance techniques have been worked out by 
Rojas (1951), Hayman (1954), Kempthorne (1956), and others. 
A diallel table is considered to be all possible crosses 
between a group of individuals, or in this case lines, 
excluding selfs and reciprocal crosses. The number of 
crosses in a diallel series is n(n-l)/2 where n is the num­
ber of lines involved. The purpose of this experiment was 
to obtain estimates of general and specific combining abil­
ity of a larger group of inbred lines than one could prac­
ticably work with using a diallel series. 
The design and analysis of the experiment was described 
in an unpublished paper by Professor Oscar Kempthorne, Sta­
tistical Laboratory, Iowa State College, Ames, Iowa. In or­
der for the reader to be able to understand the procedures 
involved in this study, portions of Kempthome's paper are 
abstracted here in fairly complete detail. 
The Sample and Procedure of Estimation 
The sample of the n(n-l)/2 possible single crosses 
available from a group of n lines is drawn in the following 
manner. The number of crosses to be tested must equal n s/2 
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where n is the total number of lines and s is the number of 
crosses in which each line is involved. The number repre­
sented by s is determined in part by the number of crosses 
which the investigator feels is necessary for a measure of 
general combining ability. The n lines are arranged in ran­
dom order and the sample of crosses consists of the follow­
ing: 
Line Crossed with lines 
1 1 + k, 1 + (k + 1), . .., 1 + k + s- l 
2 2 + k, 2 + (k + 1), . . .» 2+k+s—1 
and so on. The numbers k and s are chosen so that 
s = n - 2k + 1 
The estimation procedure is that of least squares di­
rected toward describing the yields of the 1^ 's additively 
in terms of parental effects. If we denote the observed 
mean yield for the cross of lines i and j over the r repli­
cations by y.. (which could be written as y. ..) this proce-1J 1J 
dure results in the minimization of 
I (yi3 - Y - g± - Sj)2 
where y., has an observational variance of (f 2/r, the sum-1J 
mation is over the crosses included in the test, and Vis 
the true over-all mean. It may be verified that this leads 
to the following equations for the g^ 's which are the re­
duced normal equations, 
19 
X gj -I y±i ~ n i = 1, 2, ..., n 
3 
= CL 
3-D 
where G is the grand total of the observations, 4 y.. is 
u 
the sum of the y^  's for the lines involving line i. The 
coefficients a^  have a very simple structure because of 
the way in which the sample was drawn. This may be written 
out in the form of a matrix, 
all a12 
a21 a22 
A = 
anl an2 
*ln 
2n 
=hn 
in which a^  ^= a^ , a^  is equal to s for all i and, a^ j 
equals unity if cross ij is included in the sample and is 
zero otherwise. The matrix A is a circulant matrix. Each 
row may be obtained from the previous row by moving the ele­
ments of that row along one position and placing the last 
number at the beginning. The solution to the equations may 
be written down as 
• X -13 a- Q3 1 S 1> 2, # * * ; H 
(a*^  ) is the i^  element of the matrix A~* which is 
the inverse of A. The elements ai^  are determined by the 
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equations 
£ = 1 > = 1» 2, • ••» & 
where 
<5ik equals unity if i equals k and equals zero other­
wise. The special form of the matrix A leads to algebraic 
expressions for the elements a^ , which will be given later. 
The Properties of the Matrices A and A~^  
Since the matrix A is a circulent matrix, the inverse 
matrix may be written in algebraic terms. The actual evalu­
ation of the matrix A™""1" in any particular case then reduces 
to computation of the trigonometric functions. 
Let 
x l =2 8 
_ sin [(n-s) fT/n] 
A.2 ~ sin n/n 
t  = S _ sin 2 rr/nl 
\3 sin 2 /pr/n 
etc. with 
Then the matrix A""*" is a circulant which we may denote by 
a1 , a2 , an 
the elements of the first row. These elements are as 
follows: 
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a ? = à  
a1 = 1 i ^  n ô=i Ad 
1- + 
.XI 
1_ 
À2 
cos + i-
X3 
4-TT COS ' _ + .... 
n 
[- + 
1X1 
1_ 
X2 
cos 5JL + i-
X3 
8 it-Co s  ^+ .... 
etc. Or in general 
ak+1 = è Z ™ + Z Xt cos Ck(t-l) 2 g] \ 
n \ Al t=2 n J 
The estimate of the g^ 's are obtained by writing 
a1 a2 . 
. a= a11 „12 3. • • • aln 
an a1 . . a»'
1 a21 a 2 2  . . .  a2n 
a"'1 an . . a"'2 a51 a 3 2  . . .  a3n 
a2 a5 . . a1 a™
1 
• • • • 
n2 3. • • • am 
and calculating 
n 
«i = E Q< 
0=1 
2 (s 
The variance-covariance matrix of the estimates is (<fg + — ) 
times the above matrix, so that 
7(^ ) = a^  ^( ~ ) 
Gov (g^ ,gj) = a13 (<f2 +^ 2) 
= (gj_ - Si') =2 (^g +~ ) (a11 - axl ) ii' 
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The mean variance of differences between estimated g^ 's is 
equal to 
2 {<f\ ) (a11 385- - 2 e1(a-l) ) 
Kempthorne (1953) and half this variance may be attached 
to each g^  for approximate comparisons. 
The Estimation of the Variance 
The estimation of the variances are obtained from the 
analysis of variance shown in Table 1. 
In the analysis of variance table the g^ 's refer to 
variation due to general combining ability and 1 s refer 
to specific combining ability variance. 
Table 1. Analysis of variance 
Source of d £ Sum of Mean Expected 
variation * " squares square mean square 
Replicates r-1 Usual 
gj^ 's n-1 r Z SjL Qj_ G + *ô\ + rs 
|3.n r I - correction - g  ^+ 
XJ 2 r I g± Qt 
s.^ 's 
-ns 
(r - 1) 
Total  ^r - 1 yfj^  - correction 
Correction = ( 7±^ )2/ 
s 
replicates -2 ~ ^  by subtraction E CT: 
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EXPERIMENTAL RESULTS 
The analysis of variance for number of plants per plot 
is shown in Table 2 for the two locations. This analysis 
included all crosses in the incomplete diallel and top-cross 
experiments. 
Table 2. Analysis of variance for number of plants per plot 
in the incomplete diallel and top-cross experi­
ments at Johnston, Iowa and Bradshaw, Nebraska 
variation Johnston, Iowa Bradshaw, Nebraska 
d.f. M.S. d.f. M.S. 
Replicates 3 26.79 3 1,185.09 
Crosses 239 32.54** 239 60.25** 
Error 709 5.11 706 17.33 
** Denotes significance at 1 percent level 
The analysis of variance points out that differences 
in plants per plot due to crosses was significant beyond 
the 1 percent level at both locations. This would indicate 
that there were real differences between crosses in their 
ability to survive under the conditions of these two exper­
iments . The analysis also shows a larger error mean square 
for the Nebraska location. 
Mean yields of single crosses involving the 29 lines 
in the incomplete diallel series at the two locations and 
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combined over locations are presented in Tables 3, 4, and 5. 
The estimates of general combining ability of the 29 
lines based on the incomplete diallel series were calculated 
for each location and the two locations combined. They are 
presented in Table 6. A high figure represents high combin­
ing ability and a low figure indicates low combining abil­
ity. 
The average yields for these two experiments were 69.9 
bushels per acre for the Iowa test and 78.3 bushels per acre 
for the Nebraska test giving a mean for the combined loca­
tions of 74.1 bushels per acre. 
Two single crosses, 1 x 14 and 8 x 23, yielded only 
24.0 and 16.9 bushels per acre respectively averaged over 
the two locations. They ranked second to last and last in 
both tests. When these two crosses were observed in 1958 
growing beside the inbred lines from which they were made 
up it was apparent that they were closely related. This 
would be possible due to the manner in which the lines were 
developed. In maintaining a constant number of plants each 
year during the period of inbreeding two kernels were taken 
from some ears for planting. Since this was not done on a 
pedigree basis it was possible for some lines to persist 
which originated from the same ear. 
A third cross which was also very low yielding, 10 x 
24, was examined in the same manner. However, in this case 
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Table 3« Yields of single crosses involving 29 lines in incomplete diallel series planted c;t Johnston, Iowa 
Line 12 13 Hi 15 16 17 18 19 20 21 22 23 2)4 25 26 27 23 29 
1 
0 69.9 LO.O 23.k 65.li 69.0 67.O 68.9 
67.3 5 0.3 
o "'.u 
70.L 
66.1' 
55.5 
6ij.l 
62.1 
70.0 
66,5 
61,.0 
50.6 
66.9 68.0 
63.0 67.C 
k 
5 
6 
67.2 62.1 
71.8 
70.6 
66.7 
6I1.6 
71.3 
76.0 
71.7 
62.1; 
67.6 
69.S 
o9.9 
69.5 
71;.. 6 
03.i 
51;. 1 
68.5 
'vr; 1 / * 
73.0 
. 0 
?P,.o 
7/ 
7 79.5 71.6 75.8 67.1 36.0 77.0 b.6 73.3 
8 72.2 87.7 70.5 76.9 12.2 97.9 83.0 
9 68.3 60.5 6:.5 76.3 ''3.5 6?. l  
10 
11 
12 
73.6 i o .c 
8^ .3 
10U.2 
31.3 
oli.O 
31.2 
69.5 
•3.1 
77.7 
55.0 
ci] .4 
79.2 
72 .6  
77.5 
"3.l 
37.6 
82.0 
65.3 
714 
72 .2  
50.1 
13 
h4 
15 
00 67.2  
75.6 
69.0 
70.5 
66.1 
63.I 
61.9 
55.9 
78.9 
71.9 
86.6 
78.3 
71.2 
61.9 
16 77.0 85.0 66.2 
17 59.0 52.7 
18 66.1 
Mean 69 .9 
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Table k. Yields of single crosses involving 29 lines in incomplete diallel series plaited at Bradshaw, Nebraska 
Line 12 13 lit 15 16 17 18 19 20 21 22 23 2k 25 26 27 28 29 
1 78.5 k9.7 2k.5 91.7 76.9 52.2 S3.7 61.3 
2 72.7 67.I 85.2 86.9 81.6 86.5 75.0 75.2 
3 ?6.k 76.8 84.0 76.7 78.8 66.8 76.2 86.3 
4 93.1 87.6 82.1 86.3 67.1 70.3 30.3 73.7 
5 90.9 72.5 99.2 73.7 75.3 79.3 81.5 90.0 
6 72.3 79.2 63.I 67.7 73.1 30.2 30.1 k6.k 
7 9k.6 63.6 83.1 71.1 33.3 85.1 Ol.i 92.9 
8 92.3 107.1 91.9 35.6 21.5 93.1 36.7 87.1 
9 77 .k 65.7 66.9 67.3 36.0 31.7 66.6 63.3 
10 59.6 90.1 38.7 29.6 89.6 80.3 75.7 81.8 
ILL 101.1 103.9 70.6 92.1 39.3 31.9 70.6 69.8 
12 91.1 73.3 67.5 36.6 50.5 8k.7 51.2 
13 37.5 "Ll 63.k 72.7 83.7 92.0 
Ik 59.5 73.7 70.3 76.0 3k.1 
15 87.7 81.0 9k.1 66.2 
16 88.8 97.3 87.k 
17 83.8 75.2 
18 86.5 
Mean 78.3 ' 
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Table 5• Yields of single crosses involving 29 lines in incomplete diallel series combined over two locations 
Line 12 1] Ik 1$ 16 17 18 19 20 21 22 2] 2k 25 26 2? 28 2? 
1 7k.2 kk.9 2k.0 78.6 72.7 $3.9 76.9 $6.0 
2 70.k 67.2 77.1 78.7 72.9 76.$ 71.0 71.6 
3 71.9 67.8 75-2 69.k 71.k 67.1 72.1 77.1 
k 80.3 7k.9 76.$ 78.3 6k.9 70.k 72.7 77.3 
$ 81.k 69.6 87.6 70.7 72.k 66.7 77.3 8L.S 
6 68.$ 7$.$ 66.$ 71.2 71.0 82.9 80.0 62.k 
7 
8 
9 
87.1 70.1 
82.5 
79.5 
97.k 
72.9 
69.1 
31.2 
67.1 
81.3 
67.7 
"1.2 
16.9 
71.3 
\3.9 
98.2 
8L.6 
33.k 
35-3 
77.1 
31.7 
69.5 63.5 
10 
11 
12 
66.6 88.0 
92.7 
9k.5 
92.9 
87.6 
31.9 
70.1 
80.7 
37.5 
8k.9 
61.3 
82.k 
6k.S 
79.6 
76.6 
61.2 
kk.l 
81.9 
68.0 71.0 
78.1 $2.2 
13 
lk 
15 
78.2 75.7 
82.6 
68.7 
7k.6 
76.9 
67.9 
66.1 
68.5 
83.8 35.2 
7k.0 77.7 
?0.k 6k.1 
82.9 91.2 76.8 
71.k 6k.0 
76.5 
Mean 7k«1 
16 
17 
29 
Table 6. Estimates of general combining ability of 29 
inbred lines based on the incomplete diallel 
series 
Line Johnston, 
Iowa 
Bradshaw, 
Nebraska 
Combined 
Locations 
1 56.7 59.3 58.0 
2 67.9 72.4 70.2 
3 65.8 71.3 68.6 
4 67.2 72.9 70.1 
5 68.4 76.0 72.2 
6 73.0 65.9 69.5 
7 74.9 77.5 76.2 
8 69.9 80.6 75.2 
9 69.5 69.8 69.6 
10 75.8 72.3 74.1 
11 74.3 84.2 79.2 
12 66.1 76.6 71.3 
13 67.8 80.8 74.3 
14 64.8 75.1 70.4 
15 69.2 90.5 79.9 
16 74.5 94.0 84.2 
17 64.4 81.7 73.0 
18 73.2 94.4 83.8 
19 68.0 77.4 72.7 
20 73.1 84.1 78.6 
21 66.3 81.0 73.6 
22 77.8 86.8 82.3 
23 72.2 81.5 76.8 
24 73.8 74.6 74.2 
25 72.9 87.1 80.0 
26 73.9 80.3 77.1 
27 64.2 71.0 67.6 
28 75.2 81.1 78.1 
29 65.4 70.6 68.0 
Mean 69.9 78.3 74.1 
sS 3.3 4.9 5.1 
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there did not appear to be any relationship, since the pa­
rental lines were noticeably different types, and the F1 
showed normal plant vigor. There were no observeable rela­
tionships in any of the other crosses although it is pos­
sible that others existed. 
Yields lower than one would expect on the basis of 
average performance of the lines involved were noticed in 
several crosses. Often it was found that these yields were 
associated with low plant numbers. 
Estimates of variances for general and specific combin­
ing ability for each location and the combined locations 
are presented in Tables 7, 8, and 9* 
Block effects as measured by the quadruple rectangular 
lattice were found to be insignificant at both locations. 
Therefore, there were no lattice block adjustments, and the 
plots were analyzed as randomized complete block designs. 
The coefficient of variability for the Iowa test was 8.7$ 
and for the Nebraska test was 11.8$. Significance at the 
1 percent level was shown for crosses at both locations and 
for the combined locations. 
The mean square for general combining ability (g^ 's) 
was significant at the 1 percent level at each location but 
was non-significant when measured against the crosses x 
locations interaction in the combined analysis. 
Specific combining ability (s^ j's) was significant at 
Table 7. Analysis of variance for estimating general and specific combining 
ability of 29 inbred lines involved in an incomplete diallel cross 
at Johnston, Iowa, 1956 
Source of 
variation d.f. Sum of squares Mean square P. 
Replications 3 851.40 283.80 
Crosses 115 71,719.04 623.64 17.81** 
gi's 28 22,171.20 791.83 22.61** 
sij'S 87 49,547.84 569.52 15.81** 
Error 345 12,081.26 35.02 
Total 463 84,651.70 
** Denotes significance at the 1 per cent level 
Table 8. Analysis of variance for estimating general and specific combining 
ability of 29 inbred lines involved in an incomplete diallel cross 
at Bradshaw, Nebraska, 1956 
Source of 
variation d.f. Sum of squares Mean square F. 
Replications 3 800.66 266.88 
Crosses 115 93,905.26 816.57 9.71** 
gj/ s 28 8,305.93 296.64 3.53** 
sij'8 87 85,599.33 983.90 11.70** 
Error 345 29,010.61 84.09 
Total 463 123,716.53 
** Denotes significance at the 1 percent level 
Table 9» Analysis of variance for estimating general and specific combining 
ability of 29 inbred lines involved in an incomplete diallel cross 
combined over two locations 
Source of 
variation d.f. Sum of squares Mean square P. 
Replications 6 1, ,652. ,06 275. 34 
Locations 1 16, ,391. 76 16, ,391. 76 84. 49** 
Crosses 115 144, ,152. 52 1, ,253. 50 6. 46** 
m •
H 28 5, ,257. 59 187. 77 .97 
sij's 87 138, ,894. 93 1, ,596, .49 8. 23** 
Crosses x 
locations 115 22, ,310. 18 194, .00 3. 26** 
Error 690 41, ,091. 87 59 .55 
Total 927 
** Denotes significance at the 1 percent level 
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the 1 percent level at each location as well as in the com­
bined analysis. 
It is possible that the two locations should be con­
sidered as being a part of two separate populations of 
locations. If this were true the cross x location inter­
action would not be a valid error term with which to esti­
mate the significance of the mean squares for general and 
specific combining ability. 
The variance for general combining ability (6g2) was 
somewhat greater in the Iowa test than was the variance 
p 
for specific combining ability ( (J s ). However, in the 
2 v 2 Nebraska test(fg was only one-third as large as 0 s , and 
in the combined analysis 6g was of a magnitude which was 
approximately one-eighth of the size of d's2. Although the 
mean square for crosses x locations was significant at the 
1 percent level, it did not seem large in comparison to the 
variance due to crosses. Apparently the cross x location 
interaction brought about a decrease in general combining 
ability in the combined analysis with a corresponding in­
crease in the specific combining ability effects. 
Results of yield tests involving the 29 randomly se­
lected inbred lines crossed with the four tester lines, 
WF9, M14, Hy2, and PW6, for the separate and combined loca­
tions are presented in Tables 10, 11, and 12. The respec­
tive analyses of variance are found in Tables 13, 14, 15» 
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Table 10. Mean yields of 29 lines crossed with four tester 
lines grown at Johnston, Iowa 
Line WF9 M14- Hy2 PW6 Mean 
1 81.9 72.0 91.1 81.4 81.6 
2 83.2 76.8 83.6 83.1 81.7 
3 71.4 71.4 80.9 74.3 74.5 
4 70.2 76.1 83.8 61.5 72.9 
5 81.6 78.9 79.1 70.5 77.5 
6 89.0 85.3 89.3 88.0 87.9 
7 86.0 78.7 97.1 90.7 88.1 
8 86.2 79.2 94.1 98.5 89.5 
9 72.2 77.2 79.0 79.7 77.0 
10 89.7 88.1 92.8 94.1 91.2 
11 67.6 78.2 82.9 82.9 77.9 
12 81.7 69.0 76.5 85.9 78.3 
13 79.3 75.1 90.9 69.9 78.8 
14 72.2 81.1 80.2 85.3 79.7 
15 74.9 73.3 72.9 80.3 75.4 
16 77.8 72.8 72.6 95.1 79.6 
17 56.6 64.6 71.2 53.3 61.4 
18 64.6 67.6 82.7 93.2 77.0 
19 60.1 81.6 83.9 82.4 77.0 
20 79.7 76.1 92.6 92.9 85.3 
21 65.9 68.8 82.8 71.2 72.2 
22 88.6 86.7 88.8 96.7 90.2 
23 83.6 87.3 89.6 99.1 89.9 
24 81.6 85.6 90.2 71.7 82.3 
25 86.7 82.2 77.6 74.6 80.3 
26 73.2 72.3 97.2 99.4 85.5 
27 79.3 81.7 82.3 70.9 78.6 
28 87.0 78.4 85.6 84.6 83.9 
29 75.3 76.8 87.1 86.7 81.5 
lean 77.5 77.3 84.8 82.7 80.6 
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Table 11. Mean yields of 29 lines crossed with four tester 
lines grown at Bradshaw, Nebraska 
Line WF9 M14 Hy2 PW6 Mean 
1 86.0 
2 94.0 
3 80.3 
4 76.7 
5 90.7 
6 89.9 
7 91.5 
8 98.7 
9 82.6 
10 97.9 
11 82.7 
12 82.1 
13 79.4 
14 91.4 
15 96.6 
16 94.6 
17 74.7 
18 81.2 
19 77.3 
20 88.5 
21 86.1 
22 94.5 
23 88.7 
24 81.4 
25 86.6 
26 85.6 
27 88.4 
28 103.8 
29 82.1 
Mean 87.4 
96.7 86.8 
103.6 104.2 
91.3 95.8 
106.0 94.4 
111.7 90.1 
101.9 88.2 
94.9 98.3 
109.9 90.3 
98.4 86.0 
117.8 98.3 
98.7 99.3 
105.6 97.8 
99.9 90.5 
97.3 81.7 
98.3 87.4 
97.5 103.0 
87.7 86.1 
84.0 89.0 
104.7 100.4 
109.0 103.4 
92.6 92.1 
104.2 108.5 
102.5 97.4 
107.1 93.8 
116.3 96.0 
92.1 97.1 
107.9 97.2 
99.4 106.6 
95.3 101.7 
101.1 95.2 
77.8 86.8 
84.5 96.6 
68.7 84.0 
70.6 86.9 
89.6 95.5 
83.1 90.8 
110.3 98.8 
111.6 102.6 
76.9 86.0 
109.7 105.9 
85.5 91.6 
89.2 93.7 
68.0 84.5 
84.7 88.8 
104.7 96.8 
110.9 101.5 
57.5 76.5 
110.0 91.1 
94.2 94.2 
98.5 99.9 
82.3 88.3 
88.0 98.8 
113.1 100.4 
63.1 86.4 
71.8 92.7 
89.2 91.0 
85.1 94.7 
89.7 99.9 
85.1 91.1 
88.0 92.9 
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Table 12. Mean yields of 29 lines crossed with four tester 
lines combined over locations 
Line WF9 M14 Hy2 PW6 Mean 
1 84.0 
2 88.6 
3 75.9 
4 73.5 
5 86.2 
6 89.5 
7 88.8 
8 92.5 
9 77.4 
10 93.8 
11 75.2 
12 81.9 
13 79.4 
14 81.8 
15 85.8 
16 86.2 
17 65.7 
18 72.9 
19 68.7 
20 84.1 
21 76.0 
22 91.6 
23 86.2 
24 81.5 
25 86.7 
26 79.4 
27 83.9 
28 95.4 
29 78.7 
Mean 82.5 
84.0 89.0 
90.2 93.9 
81.4 88.4 
91.1 89.1 
95.3 84.6 
93.6 88.8 
86.8 97.7 
94.6 92.2 
87.8 82.5 
103.0 95.6 
88.5 91.1 
87.3 87.2 
87.5 90.7 
89.2 81.0 
85.8 80.2 
85.2 87.8 
76.2 78.7 
75.8 85.9 
93.2 92.2 
92.6 98.0 
80.7 87.5 
95.5 98.7 
94.9 93.5 
96.4 92.0 
99.3 86.8 
82.2 97.2 
94.8 89.8 
88.9 96.1 
86.1 94.4 
89.2 90.0 
79.6 84.2 
83.8 89.2 
71.5 79.3 
66.1 79.9 
80.1 86.5 
85.6 89.4 
100.5 93.5 
105.1 96.1 
78.3 81.5 
101.9 98.6 
84.2 84.8 
87.6 86.0 
69.0 81.7 
85.0 84.3 
92.5 86.1 
103.0 90.6 
55.4 69.0 
101.6 84.1 
88.3 85.6 
95.7 92.6 
76.8 80.3 
92.4 94.5 
106.1 95.2 
67.4 84.4 
73.2 86.5 
94.3 88.3 
78.0 86.8 
87.2 91.9 
85.9 86.3 
85.4 86.8 
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Table 13. Analysis of variance of yield test of single 
crosses involving 29 randomly selected inbred 
lines crossed with four tester lines grown at 
Johnston, Iowa, 1957 
Source of 
variation d.f. 
Sum of 
squares 
Mean 
square P. 
Testers 3 4,586.99 1,529.00 8.18** 
Lines 28 19,064.98 680.89 3.62** 
Lines x Testers 84 15,778.95 187.84 4.33** 
Error 649 43.41 
** Denotes significance at 1 percent level 
Table 14. Analysis of variance of yield test of single 
crosses involving 29 randomly selected inbred 
lines crossed with four tester lines grown at 
Bradshaw, Nebraska 
Source of d f Sum of Mean 
variation * * squares square 
Testers 3 14, ,723. 56 4,907, co
 
vjl 16. 07** 
Lines 28 19, ,813, .51 707. 63 2. ,31** 
Lines x Testers 84 25, ,660. ,40 305. 48 3. ,08** 
Error 646 99-,21 
** Denotes significance at 1 percent level 
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Table 15. Analysis of variance of yield test of single 
crosses involving 29 randomly selected inbred 
lines crossed with four tester lines combined 
over two locations 
Source of 
variation d.f. 
Sum of 
squares 
Mean 
square P. 
Lines 28 33,089.68 1,181.77 3.03** 
Testers 3 8,212.18 2,737.39 7.03** 
Locations 1 34,859.84 34,859.84 9.42** 
Lines x Testers 84 32,724.12 389.57 5.76** 
Locations x 
Testers 3 11,098.38 3,699.46 35.66** 
Locations x Lines 28 5,788.82 206.74 1.99** 
Locations x Lines 
x Testers 84 8,715.22 103.75 1.53** 
Error 1415 67.61 
** Denotes significance at 1 percent level 
Yields were somewhat higher in the Nebraska than in the 
Iowa test. The error terms in the analyses of variance 
represent the error in the experiments as a whole rather 
than for the top-cross experiments only. It is felt that 
this error term depicts an estimate of error which is as 
good or better than the value calculated for the top-
crosses separately. This is due to a larger number of 
plots from which the combined error term was measured. 
The error mean square in the analysis of the Nebraska 
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experiment was more than double that of the Iowa yield test 
analysis. Mean squares for testers, lines, and lines x 
testers were significant at the 1 percent level at both 
locations. The mean square for lines was of a larger mag­
nitude than the line x tester interaction in all three 
analyses. 
In determining F values in this analysis locations were 
considered to be fixed while testers and locations were con­
sidered as random variables. 
On the basis of top-cross performance, predictions of 
all single cross yields in the incomplete diallel series 
were calculated. These predictions were compared to the 
actual single cross yields of these hybrids, and the re­
sults for the separate and combined locations are pictured 
in scatter diagrams in Figures 1, 2, and 3. 
Correlation coefficients between the average yields 
of the 29 randomly selected inbred lines as measured by the 
top-cross test and the estimates of general combining abil­
ity obtained from the incomplete diallel series were calcu­
lated. These correlations were +0.54, +0.29, and +0.32 for 
the Johnston, Iowa, Bradshaw, Nebraska, and combined tests 
respectively. These figures are significant at the 1 per­
cent level for the Iowa test and non-signifieant for the 
Nebraska test and for the combined test. 
Figure 1. Scatter diagram with predictions of 
single cross yields based on top-
cross tests plotted against actual 
single cross yields at Johnston, Iowa 
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Figure 2. Scatter diagram with predictions of 
single cross yields based on top-
cross tests plotted against actual 
single cross yields at Bradshaw, 
Nebraska 
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Figure 3. Scatter diagrt-.. with predictions of 
single cross yields based on top-cross 
performance plotted against 116 actual 
single cross yields combined over two 
locations 
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v 4"? 
It would have been desirable to adjust these correla­
tions for errors of estimation of the g^ 's in the incom­
plete diallel test, but the experiments proved to be rather 
inaccurate as regards this estimation. Such adjustments 
would have increased the correlations. 
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DISCUSSION 
One of the main purposes of this study was to obtain 
estimates of general and specific combining ability in 
crosses of inbred lines of corn. General combining ability 
is a result of additive effects, whereas specific combining 
ability is an indication of dominance, epistasis, and other 
genetic interactions. 
In studies designed to estimate gene action, one must 
assume that the estimates obtained are relative to a cer­
tain population. The question arises as to what population 
the estimates represent. In the past studies of this type 
have generally made use of lines in various stages of in­
breeding which were selected from some population. The 
difficulty in using material of this type is that one can­
not utilize the acquired estimates to establish a genetic 
picture of the population from which the material was ob­
tained. 
The use of inbred lines developed without selection 
during the inbreeding process such as were used in this 
study should eliminate most of the objections to the appli­
cation of such estimates and allow them to be considered as 
representative of the original population from which they 
were developed. It is true that natural selection, aggra­
vated by the stress of inbreeding, did eliminate a number 
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of genotypes during the period of development of the lines. 
Therefore, it cannot be said, in the strictest sense, that 
the inbred lines used were truly representative of the 
original population, but it probably can be said that they 
represented fairly well a random sample of inbred lines 
from that population. The fact that some genotypes were 
represented more than once in this population prevented 
randomness from being more complete. 
The incomplete diallel table was designed in such a 
way that it allows the use of a larger number of inbred 
lines than would be possible with a complete diallel series. 
Each line is crossed in a systematic arrangement with a 
limited number of lines available in the diallel series. 
The lines were arranged in random order before using the 
systematic selection plan for F^ 's; so that the result is 
a specially balanced random sample of the total possible 
F^ 's. In this study 29 inbred lines were involved making 
n s/2 or 116 single crosses as was described earlier in 
this paper. In the case of a complete diallel series this 
would have resulted in n(n - l)/2 or 406 single crosses, 
and this would have brought about serious testing problems. 
The number of inbred lines that one is able to work with 
is at best an inadequate sample of the possible genotypes 
in an open pollinated variety, but the incomplete diallel 
series does represent an improvement over the number that 
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could be practicably handled with the use of a complete 
diallel table. 
A disadvantage to the incomplete series is that each 
line is tested with a smaller number of lines than is the 
case with a complete set. Thus the advantage of a larger 
sample of lines is somewhat offset by the fact that the 
estimates provided are less precise. 
The estimates of the variances of general and specific 
combining ability were inconsistent for the two locations. 
In the Iowa test the estimate for(fexceeded the (fs 2 some­
what, but in the Nebraska test 6s^ was greater than dg^ by 
a considerable amount. All four estimates were significant 
at the 1 percent level. As an average of the two locations 
<fs2 exceeded <fg2 indicating that both additive and non-
additive gene action was operating with the non-additive 
effects appearing to be relatively more important. 
These results are not in agreement with those of 
Sprague and Tatum (1942), who found that in material that 
had not undergone previous testing, general combining abil­
ity was relatively more important than was specific combin­
ing ability. 
Data presented by Pederer and Sprague (1947), Rojas 
and Sprague (1952), and Matzinger (1956) and others have 
shown that genetic responses are highly affected by the 
particular location and year in which the tests are grown. 
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This would suggest that tests should be conducted over a 
number of locations and for a number of years before defi­
nite genetic patterns can be established with a reasonable 
degree of certainty. 
The analysis of variance in the experiment under dis­
cussion indicated that differences occurred between varie­
ties with regard to the number of plants at harvest time. 
These differences were greater at the Nebraska location 
than they were in the Iowa test. Error terms for number 
of plants as well as for yield were greater at the Nebraska 
location indicating that these measurements were less accu­
rate in that experiment. Though stand differences could be 
assumed to be genetic in nature, it should be pointed out 
that they would likely bring about an increase in f s and 
p 
a corresponding decrease in (fg as compared to a situation 
in which yield responses were not a function of plant num­
ber. Numerous single crosses between lines that were high 
in general combining ability as measured by the g's and by 
the top-cross tests yielded lower than was expected in both 
tests. In some cases this could be attributed to a low 
number of plants per plot resulting from an inability of 
the cross in question to survive the adverse growing condi­
tions of the early spring. It is probably not coincidental 
that (Sb^  increased markedly at that location where stand 
differences between varieties were the greatest. 
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2 In the combined analysis the estimate of é7*s increased 
p 
measureably and 6 g  decreased as compared to the results of 
p 
the individual locations. The mean square for (fg was less 
than the cross x location interaction indicating that on 
the average additive effects did not respond the same at 
the two locations. 
It was pointed out by Bojas and Sprague (1952) that in 
p 
their data estimates of (fs consistently interacted more 
violently with environment than did estimates of (fg . They 
suggested that genotype-environmental interaction may be a 
part of the non-additive estimates of(Ts . Since the esti-
p 
mates of (fs increased in the combined analysis it would 
appear that these results would tend to bear out this sug­
gestion by Rojas and Sprague. 
The insignificant ( f g  in the combined analysis is a 
similar result to that of Matzinger (1956) who found that 
additive variance was negligible when estimated from a com­
bined analysis of experiments run over locations and years. 
This would suggest that it would be difficult to select 
crosses which would yield well at both locations. It is 
possible that the two locations should have been considered 
as being a part of two separate populations of locations. 
If this were true the cross x location interaction would 
not be a valid error term with which to estimate the signif­
icance of the mean squares for general and specific combin­
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ing ability. 
Two single crosses were found to be unusually low in 
yield and.lacking in vigor. Since - the possibility of rela­
tionships between lines could not be discounted in this 
material it was assumed that a fairly close relationship 
was involved between the parental lines of these crosses. 
The correctness of this assumption was further established 
when the crosses were grown adjacent to the parental lines 
in the summer of 1958. The parental lines were very simi­
lar in both cases, and there was very little difference 
between the lines and the crosses between them. 
The yields of these crosses were much lower than would 
be expected on the basis of the average performance of 
crosses between the lines involved. This would tend to 
cause an increase in and a decrease in (T^  in compari­
son to material in which relationships did not exist. The 
average degree of relationship between plants in the origi­
nal open pollinated variety is unknown. Therefore, no sug­
gestion is offered as to the effect these relationships 
would have on the accuracy of the estimates of additive 
and non-additive gene effects in the original population. 
The correlation coefficients between the yields of the 
randomly selected inbred lines in top-cross tests and their 
estimated general combining ability values as based on the 
incomplete diallel series were inconsistent for the two 
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two locations. The correlations were calculated to be 
+0.54 in the Iowa test, +0.29 in the Nebraska test, and 
+0.32 in the" combined results. These values were signifi­
cant at the-1. percent level for. the first and non-signifi­
cant for the second and third sets of data, respectively. 
This would indicate that general combining ability as 
measured by the top-cross test agreed on the average with 
the estimates as measured by the incomplete diallel series 
at the Iowa location, but did not agree in the Nebraska 
experiment. General combining ability differed in its 
expression depending on the particular tester and location. 
Prediction of single cross yields based on top-cross 
performance were presented in the form of scatter diagrams. 
It would appear from these diagrams that on the average 
prediction of single cross performance on the basis of top-
cross tests would be quite accurate .as measured by the Iowa 
experiment, quite inaccurate according to the Nebraska test, 
and somewhere in between as expressed by the combined data. 
It must be concluded that as far as these data are concern­
ed, the results are inconclusive. It might be pointed out, 
however, that in the data from both locations there were 
examples of low yielding single crosses resulting from the 
crossing of high general combining lines. At the same time, 
there were no high yielding single crosses resulting from 
lines that were low in general combining ability. Two of 
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these low yielding crosses were assumed to be between re­
lated lines, but others cannot be accounted for on that 
basis. 
It is of interest to look at the analysis of variance 
for that portion of the experiment in which the 29 unse-
lected lines were crossed with highly selected tester lines. 
In this analysis the line effect is roughly analagous to a 
general combining ability value ; since it is a measure of 
the average effect of lines. Line x tester interaction is 
similar to specific combining ability in that it is a meas­
ure of the average variability of the lines in crosses with 
the four tester lines. In general, these analyses for the 
two individual and combined locations show similar results. 
The line mean square is relatively large in comparison to 
the line x tester interaction. This would indicate that 
for the lines as a group, when crossed with four highly 
selected lines from a different source, general combining 
ability was of more importance than was specific combin­
ing ability. This did not correspond with the relative 
magnitudes of general and specific combining ability esti­
mates of these same lines as determined from the analysis 
of the incomplete diallel series; and indicates that the 
expression of gene action was modified by the particular 
tester involved. 
Prom the estimates which were obtained in these 
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experiments it would be difficult to determine with any 
degree of accuracy the relative importance of additive and 
non-additive* gene .action: in, the. original..Q,pen-ppllinated 
variety Krug. The data would indicate that both general 
and specific combining ability were important in the 
crosses of the lines involved. 
If the estimates of general and specific combining 
ability, which were obtained from the incomplete diallel 
series, are accurate indications of the importance of addi­
tive and non-additive gene effects within the original va­
riety Krug, it would seem that non-additive effects may be 
relatively important in the determination of yield in this 
population. Evidence of this type has been considered to 
favor the overdominance hypothesis for explaining hybrid 
vigor. The fact that all serious deviations from additiv-
ity were toward low yield in these tests would suggest that 
specific effects may be more important in governing low 
yielding than high yielding genotypes. Such deviations 
could be a result of inbreeding within the original varie­
ty. Also, as was brought out earlier, relationships could 
have occurred between lines during the inbreeding process. 
A breeding procedure designed to take advantage of 
both general and specific combining ability was suggested 
by Cornstock et al. (194-9). The method, termed recurrent 
reciprocal selection, theoretically is superior to recur­
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rent selection for general combining ability at gene loci 
where overdominant or pseudo-overdominant gene action is 
operating. The method should also be superior to recurrent 
selection for specific combining ability at loci where gene 
effects are additive. There is considerable evidence for 
both additive and non-additive gene action in corn popula­
tions as pointed out by Sprague and latum (1942), Robinson 
jet al. (1955), Matzinger (1956), and others. It would seem 
that the use of recurrent reciprocal selection as a 
breeding tool would offer the most efficient method now 
available for improvement of such populations. 
58 
SUMMARY 
This study was designed to obtain estimates of general 
and specific combining ability variances among 29 inbred 
lines of corn originating from the open-pollinated variety 
Krug. The lines were developed in such a manner that there 
was no intentional selection during the inbreeding process. 
One hundred sixteen single cross hybrids were made 
among the lines in a systematic arrangement called an 
incomplete diallel series. In this scheme only a portion 
of the possible crosses between lines are made as compared 
to all possible combinations in the complete diallel series. 
Each of the lines was also crossed with four widely used 
lines of diverse origins. For purposes of terminology 
tests involving these four tester lines were referred to as 
top-cross tests. 
Yield tests were conducted at two locations - one in 
Iowa and one in Nebraska - during the summer of 1957. 
Analysis of the incomplete diallel series for each 
location and for the combined locations provided estimates 
of general and specific combining ability variances for 
this group of crosses. Mean squares for general combining 
ability were greater than for specific combining ability in 
the Iowa test, but the reverse was true in the Nebraska 
test. Significance at the 1 percent level was shown for 
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both general and specific combining ability variances at 
each location, but in the combined analysis only specific 
combining ability effects were significant at the 1 percent 
level. General combining ability was non-significant. 
This indicates that both additive and non-additive gene 
action was operating at each location, but additive gene 
response was not the same at the two locations. 
Top-cross test results indicated that general combin­
ing ability was relatively greater than specific combining 
ability. Thus, gene response was affected, not only by 
the location, but by the tester as well. 
Effects of stand difficulties on the estimates of 
general and specific combining ability variances was dis­
cussed. 
Correlation coefficients between top-cross yields of 
the 29 inbred lines and their estimated general combining 
ability values based on the incomplete diallel series were 
significant at the 1 percent level in the Iowa test and 
non-significant in the Nebraska and combined tests. 
Predictions of single cross yields based on top-cross 
tests were compared to actual single cross yields with the 
use of scatter diagrams. These diagrams indicated that 
predictions of actual single cross yields were fairly accu­
rate at the Iowa location and quite inaccurate at the 
Nebraska location. 
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The data suggest that a recurrent reciprocal selection 
breeding program would provide the most efficient progress 
in a population of this type. 
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